Government requires indicators of disadvantage to guide programmes and allocate resources to those areas which are most in need. Proxy measures of relative disadvantage are often utilised for this task in the absence of ideal indicators of need. The recent availability of government administrative datasets, such as social security benefit uptake levels, are increasingly being used throughout the UK and have been hailed as a significant advance on previous measures of need. However, their suitability presupposes that the association between those in need of benefit and those actually in receipt of benefit is not confounded by non-needs-related factors. In the present study, the authors examine area-level factors associated with uptake of one healthrelated benefit and show that, while closely correlated with health status, it is also associated with factors which might be related to the propensity and ability to make a successful claim, as well as local adjudication practices. They conclude that, while the use of these government datasets has increased our ability to target resources, researchers and policy makers should be aware of these additional influences.
Introduction
It is a consistent aim of government to measure need and disadvantage at an area level so as to identify priority areas and target resources and programmes effectively. Within the health services, need cannot usually be measured directly, although there are numerous potential indicators which can be utilised under the general heading of demography, health status and broader socioeconomic conditions. Choosing suitable indicators is not an easy task since appropriate indicators are often not routinely available, while accessible indicators are sometimes not quite appropriate.
Mortality levels are the bedrock of traditional indicators of health needs, partly because they are routinely available and at least for all-cause mortality, they leave little room for ambiguity. However, mortality levels have been criticised as an indicator of need for health services (Carr-Hill et al. 1990 ) since they may not reflect the significant levels of morbidity (e.g. arthritis and mental illness) which, although additionally burdening health services, correlate poorly with mortality. Morbidity measures are generally seen as more desirable for defining need, but are not readily available, particularly at the small area level. To provide these data, a question on self-reported health -limiting long-term illness (LLTI) -was included in the 1991 UK Census (Dale 1993) , and this was subsequently successfully used in the resource allocation formulae apportioning health services funds (Carr-Hill et al . 1994) . A second question relating to general health over the preceding year was included in the 2001 Census with the expectation that this would further enhance our understanding of need and refinement of resource allocation mechanisms.
Choosing suitable indicators for defining disadvantage has also proven difficult, and theoretical concerns often have to give way to considerations of practicality. For example, take the issue of deprivation and poverty. Although most researchers (e.g. Davies et al. 1997) argue that income is the central issue in determining material disadvantage, they have had to settle for deprivation indicators as proxies because direct indicators of income are not normally available for analysis. Operationalising this concept has also posed problems, and for pragmatic reasons, most researchers make do with census-based measures. Even Townsend (1987) , who argued from a theoretical stance that deprivation must be distinguished from poverty, had to use Census-based indicators of material deprivation for the study of health inequalities in the Northern Region in England (Townsend et al. 1988) . This approach has been followed by others (e.g. McLoone & Boddy 1994 , Staines & Cartwright 1994 , although Carstairs & Morris (1991) suggested that the constraint of having to use proxy measures could eventually be overcome by tapping into the (at that time inaccessible) data held by various government agencies, such as the Inland Revenue (responsible for taxation) and the Department of Social Security (responsible for social security benefits).
Over the past decade, access to data pertaining to the uptake of benefits has become a reality. The development of computer systems to process the vast amount of routine government information, and the relatively recent opening up of controlled access to it has enabled researchers to derive more complex measures of deprivation and need. Jones (1995) listed three major advantages which benefits data have over census data. They are collected continuously and are likely to be more contemporaneous than census data, also offering the potential for trend analysis. For example, means-tested benefits are likely to be direct indicators of wealth since only people or families on low incomes are eligible to receive them. Jones' (1995) third advantage, that data may be used at a wider range of geographical levels, is more debatable given the greater flexibility of the 2001 Census outputs, and the fact that both benefits and census data are subject to the same restrictions under data protection legislation.
In practice, it has been shown that benefits data tend to supplant census data in statistical modelling (O'Reilly & Stevenson 1998) , are more easily fashioned to describe the needs of different groups, such as elderly people (O'Reilly 2002) , and offer a significant refinement to the standard National Health Service resource allocation models (Carr-Hill et al . 2002) . But perhaps their biggest impact on resource allocation has occurred because of their extensive use in the construction of the Index of Multiple Deprivation, also known as the Noble or Oxford Index after Professor Michael Noble, who headed the team at Oxford who developed this measure (Noble et al . 2001) . It is now used by many UK government departments to allocate funding and is increasingly being advocated as a useful measure of need in health services research ( Jordan et al. 2003) .
Separate Indices of Multiple Deprivation have been developed for each of the four home countries of the UK, in keeping with the type and quality of data available. According to the developers of the index, the major advance was 'the ability to move towards more direct measures of deprivation by making use of new sources of national administrative data'. Generally, the Index comprises seven domains which combine to reflect the most important aspects of deprivation. Of these domains, three are wholly (in the case of income deprivation measures) or partially (with the health and employment deprivation indicators) dependent on the uptake of social security benefits. Additionally, these three domains are allocated almost 60% of the overall weighting for the index because of the perceived importance of their contribution to the overall concept of deprivation and 'in recognition of the robustness of the indicators comprising the domains' (Social Disadvantage Research Centre 2001) .
One fundamental caveat related to the use of benefits uptake in highlighting areas of need is that their distribution may reflect more than the variation in need. On closer inspection, it seems that use of benefits data is also a compromise: what is desirable as a measure of need is the number of people eligible for benefits, while what one has to use is the number of recipients of benefit (or those who have made a successful claim). This reflects not only the number of people in need, but also their propensity and ability to make a successful claim, and perhaps, also local variation in the interpretation of the rules defining eligibility. This might undermine their utility as measures of need. To date, these potential shortcomings have received little critical examination and thus the suitability of administrative datasets to target resources remains an open question.
In this paper, the present authors examine the distribution of one social security benefit, i.e. Disability Living Allowance (DLA), throughout the UK to see how variation in uptake levels reflects need, and if any other social, cultural or geographical factors are associated with uptake independent of their association with need. DLA is a non-means-tested, non-taxable benefit payable to people with severe disabilities who are under 65 years of age, and is intended to help meet any additional costs incurred by a disability (Social Security Agency 2004) . It is an attractive benefit to claim since recipients and their carers become eligible for further state benefits.
Materials and methods
The data used in the present study were collated from anonymised administrative datasets and census information for 10 604 electoral wards covering the whole of the UK.
The geographical variation in the uptake of DLA was determined using the age-specific DLA counts for the period from 2000 to 2002. Directly standardised rates were derived for persons aged less than 65 years (the cut-off for new applications) using the European Standard Population and the 2001 Census estimates of population. The method of standardisation is detailed in Lakhani et al . (2004) .
Three indicators of health status were derived for each ward. All-cause mortality rates, based on data for 3 years (2000 -2002) , were generated for the wards of Great Britain. For Northern Ireland, data were pooled for five years (1998 -2002) -it was thought that this would provide more robust mortality estimates since wards in Northern Ireland comprise roughly half the population of wards in Great Britain. Two morbidity indicators were derived from 2001 Census data: the presence of a LLTI, and the proportion suggesting their general health in the year preceding the census was 'not good'. As with the benefits data, directly standardised rates were generated for the health indicators, again for people under 65 years of age.
Choosing an indicator of deprivation was problematic. First, the use of means-tested social security benefits risked being tautological given the nature of the investigation. Secondly, it was intended at the outset to simply update the components of the Townsend (Townsend et al. 1988) or Carstairs (Carstairs & Morris 1991) indices using 2001 Census outputs, then re-deriving these standard composite indicators of deprivation. Two of the component indicators proved problematic when derived using the 2001 Census. Household overcrowding (defined as more than one person per room) proved a poor discriminator of adverse circumstance: 4.1% of wards ( n = 440) had no household overcrowding at all; 44% ( n = 4685) recorded less than 1%; and 89% ( n = 9463) recorded less than 3%. Prior to the census, the Office for National Statistics had fundamentally redefined occupational social class, stressing the degree of workplace autonomy and responsibility rather than the traditional hierarchical manual/non-manual dichotomy [National Statistics Socio-economic Classification (NS-SEC)]. This redefinition, while initially regarded as a discontinuity in the usage of occupational social class, proved relatively easy to reconcile with past practice: analysis of the different categories of the NS-SEC in relation to health outcomes showed that the three least autonomous or routine categories were analogous to the previously used manual social class. However, because of its loss of information, household overcrowding was dropped as a component, and a hybrid of the Carstairs and Townsend indices was developed for each ward: this comprised housing tenure; household car access; area unemployment levels; and the percentage of those in a routine social class. It was generated in the same way as with the Townsend and Carstairs indices, i.e. because the variables were skewed they were log-transformed (Gilthrope 1995) , z -scores were derived for each of the components and these were simply added together (with all four components allocated equal weights).
To examine the role of cultural factors in DLA uptake, the present authors derived an indicator measuring the proportion of a ward population classifying themselves as members of an ethnic minority. This was generated for the wards of Great Britain only. The ethnic minority population of Northern Ireland, while growing rapidly, was too small (being less than 1%) to be meaningful and therefore was excluded.
Apart from ward, two other geographical indicators were used in the analysis. The first, measuring population density (persons per hectare), was used as a proxy for urban/rural residence. The present authors recognise that rurality is a more complex construct than population density and should, for example, include measures of accessibility to vital services or large conurbations. However, while this is a key factor contributing to rural deprivation (Mosley 1979) , there is as yet no unifying definition of rurality that encompasses the whole of the UK. Finally, the authors included region as a proxy, marking a level of geography at which the assessment of benefits eligibility is undertaken. This comprised the three jurisdictions of Scotland, Wales and Northern Ireland, and the nine Standard Regions of England.
Approach to analysis
The research hypothesis was based on the assumption that the principal determinants of variation in DLA uptake rates across the UK were health factors, and that there should be no systematic association between benefit uptake and other social, cultural or geographical factors apart from any association that these have with health status. This was tested using linear regression in the Stata 8.0 statistical computer software. All of the factors included in the analysis, apart from the deprivation indicator, were log-transformed to reduce the natural skew of the data.
Results
Between 2000 and 2002, an average 1.86 million people in the UK under the age of 65 years (3.8% of the population) were in receipt of DLA. Uptake increases with age and closely mirrors age-related increase in levels of LLTI. For most age groups, uptake in Scotland and Wales is about 70% higher than in England, while Northern Ireland shows rates approximately 2.5 times that of England (Figure 1) . Figure 2 shows the distribution of rates of DLA uptake by local authority for the whole of the UK. Those with the highest rates are concentrated in the north and south of Wales, Central Scotland, Northern Ireland, and in parts of the north of England. Contrasting with these is the distribution of those with low uptake levels radiating out of the London Basin and extending to cover much of the south of England, although London itself has some local authorities with high levels.
The magnitude of the correlation coefficients (Table 1) shows the degree of association in the distribution of ill-health, deprivation, social demography and health benefit uptake across the UK. The two self-reported health indicators, presence of a LLTI and the reporting of general health as 'not good', have a coefficient of 0.96 -showing them to be more or less equivalent. Because of this, only one (LLTI) was included in the analysis. The positive relationship between DLA uptake, and the health and deprivation factors indicates that higher levels of DLA uptake are found in those areas with poorer health and higher levels of deprivation. This high degree of correlation between DLA and LLTI suggests that, if the levels of one in an area are known, then it should be possible to reasonably estimate the other. Table 2 shows the results of the regression with health benefit uptake levels as the dependent variable and the health factors (mortality and LLTI) and region included as explanatory factors. The coefficients show the relative contribution of the associated region to the overall explanation when compared against the English South-east (chosen as the reference category because it has the largest number of wards, and is at the lower end of the DLA uptake spectrum). Even after adjustment for the health factors, significant regional effects remain -with the highest levels occurring in Wales and Northern Ireland, while the levels within England are broadly in line with the classic north-south gradient of social epidemiology. Scotland shows similar levels to the regions of the north of England.
Further regression modelling showed a statistically significant interaction between region and the health factors, indicating that the relative contribution of the health factors to DLA uptake varied across region. This was not unexpected - Doran et al . (2004) showed that the relationship between deprivation and self-reported health varies between the regions of England and Wales. This indicated that it was best not to develop a summary model for the whole of the UK. Therefore, a stratified analysis was carried out, measuring the effects of the health, social and cultural factors on DLA uptake levels separately within each of the 12 regions. The results of the analyses are presented in Table 3 , which presents two models for each region showing the relationship between DLA uptake levels and (1) the selected health indicators and (2) these health indicators plus the included sociodemographic indicators (deprivation, ward density and ethnicity). Comparing first the series of models (labelled A) which introduced the health factors only: DLA uptake levels were positively associated with levels of both mortality and especially LLTI in all regions; in those regions where DLA uptake levels were more strongly associated with LLTI, the relationship with mortality was generally weaker; the overall performance ( R 2 ) of each of these models in explaining the variance in DLA rates was high for most regions, reinforcing the connection between benefit uptake and health status; and finally, more of the variability in the DLA rates was explained in those regions towards the north and west of the UK, when compared to the south of England (with the exception of London itself ).
The second series of models in Table 3 (labelled B) adds deprivation, population density and area ethnicity levels to model A. With the exception of London and Northern Ireland, the addition of these indicators considerably reduced the effects of the health factors, and also increased the amount of variance explained in each model by between 1% and 2%. Increasing ethnicity levels within regions were negatively associated with DLA uptake, indicating lower levels of benefit uptake for a given level of health. Possible explanations for this include: communication problems -where language deficits and lack of knowledge of the benefits system can make its negotiation difficult, especially in relation to the daunting nature of the form-filling required to make a claim; or economic and cultural factors -members of ethnic minorities tend to cluster in urban areas, and gravitate towards more dynamic parts of the economy where work to suit all skill levels is more readily available, including for those who could otherwise be classified as marginally ill.
Except for London and Northern Ireland, both population density and area deprivation levels for most other regions show small, positive and usually statistically significant associations with DLA uptake. The anomalous patterns of associations for London may be accounted for by the size and level of development of its ethnic minority communities, or explained in part by the relative buoyancy of the local economy, or the idea that, while London as a whole is densely populated, there can be a paradoxical relationship between population density and urbanisation in large conurbations (where some inner city areas may be the least densely populated). For Northern Ireland, the anomalous pattern may be a result of population structure: the population is split much more evenly between urban and rural areas, with the largest conurbations not playing such a crucial role in concentrating the population, so the extent of both deprivation and population density levels may be hidden.
Discussion
Social Security benefit uptake is increasingly being used to indicate the relative needs of areas and to apportion resources between areas. This presupposes that it is a fair indicator, that extant levels are not influenced by social, geographical or cultural factors beyond the relationship these have with need. However, the present study shows that the relationship between those in need of benefit and the claimant count is confounded to some extent by such factors. Even after adjustment for variations in health, the uptake of DLA was significantly higher in some regions of the UK, and within these regions, was higher in more densely populated areas and lower in areas with higher proportions of ethnic minority populations. While the present paper has examined only one social security benefit in detail, the authors believe that it is reasonable to assume that the same factors could influence other parts of the benefit system since there is a high correlation in the geographical variation in uptake of the different benefits.
The regional effects are large: for example, taking the antilogs of the coefficients in Table 2 , it can be seen that Northern Ireland has an uptake rate 58.4% [95% confidence interval (CI) = 55.0 -61.9%] higher than the English South-east, with the equivalent figure for Scotland being 5.1% (95% CI = 3.5 -6.8%) higher and Wales 11.6% (95% CI = 9.7-13.6%) higher. The intra-regional effects of population density and ethnicity, although modest by comparison, may still have implications for resource allocation since (Carr-Hill et al. 2002) have shown that relatively small percentage changes can amount to significant budgetary changes. The limitations of the present study should be acknowledged. The analysis is based on ecological data and the authors cannot be sure that the lower uptake in areas with higher proportions of ethnic minorities relates specifically to the experience of this population. This study also uses LLTI status to adjust for health variations. This is a measure of self-reported health, and therefore, potentially subject to reporting variation. Both Bentham et al . (1995) and Boyle et al . (2002) have indicated that many areas across Great Britain have levels of LLTI which are higher than expected from an analysis of their mortality rates. This was especially true of the older industrial regions, such as Wales. It is possible that, if some allowance had been made for this variation in levels of self-reported health, then the regional effects on benefits uptake would have been even greater. Finally, these data neither explain the variation in DLA uptake rates, nor suggest whether there is unmet need in some areas. These problems should be the focus of other studies. The present study was limited to an examination of their suitability as both indicators of need and inclusion in formulae to allocate resources.
In conclusion, the assessment of need is difficult and perfect indicators will possibly never exist. Each proxy measure has both strengths and weaknesses. The present authors believe that the availability of administrative datasets such as Social Security benefit uptake levels has greatly expanded the potential to determine the needs of different populations and to improve the targeting of resources to the most disadvantaged areas. As with all other indicators of need, users should be aware of potential problems associated with such data. 
